ABSTRACT Strains of Pseudomonas anguilliseptica were isolated from Baltic herring Clupea hdrpngus membras L. caught on the southwest coast of Finland and showing hernorrhages in the rvrs. When compared to the type strain of P anguilliseptica (NChlB 1949), the strains exdmined showed only minor biochemical differences. The strdins isolated from Bdtic herring \yere of low pathogenicity to rainbow troul Oncorhynchus mykiss. This is the first isolation of P anguilliseptica from wild fish, dnd the possibility of the wild fish s e ning ds a \.cctor of this pathogen lor farmed salmonlds 1s discussed
Pseudomonas anguilliseptica was originally isolated from pond-cultured Japanese eels Anguilla japonica suffering from 'Sekiten-byo', i.e. red spot disease (Wakabayashi & Egusa 1972) . Later on, the infection occurred in eels farmed in Taiwan (Kuo & Kou 1978) , Scotland (Nakai & Muroga 1982 , Stewart et al. 1983 ), Denmark (Mellergaard & Dalsgaard 1986) , and France (Michel et al. 1992) . The bacteria were also isolated from cultured black sea bream Acanthopagrus schlegeli (Nakajima et al. 1983 ) and ayu Plecoglossus altivehs (Nakal et al. 1985) .
In Finland, Pseudomonas anguilljseptica caused disease outbreaks in farmed salmonid fish in 1986 (Wiklund & Dalsgaard 1987 , Wiklund & Bylund 1990 ). An increasing number of Finnish fish farms have been suffering from the disease in recent years (unpubl. results). To our knowledge, however, there are no previous reports concerning isolation of P anguilliseptica from wild fish.
This paper describes the characteristics of Pseudo- Bacteriological sampling: Bacteriological samples were taken from the eyes, liver, spleen, and kidney of the fish. The primary sola at ions were made on tryptic soy agar (Difco Laboratories, Detroit, MI, USA) supplemented with 5 '% bovine blood. The final NaCl concentration in the medium was 1.5 %,. The inoculated agar plates were incubated for 7 d at 20 " C before being disca.rded.
The type strain of Pseudornonas anguilliseptica, NCMB 1949, was included as a reference strain. Four strains of P angujll~septica recently isolated from wild and c.ultivated Atlantic salmon Salrno salar and sea trout Salmo trutta m trutta, obtained from the same sampllng area as the herring, were tested concurrently.
Biochemical tests: The biochemical characteristics of the isolates were examined according to the methods described by Cowan (1974 ), MacFaddin (1983 ), and Wiklund & Bylund (1990 . The O/F test was performed on a medium modlfled for marine bactena (MOF) (Leifson 1963) . The ability of the strains to produce acid from carbohydrates was tested using the following sugars: arabinose, fructose, lactose, mannose, salicin, sucrose, and trehalose.
The cytophaga agar was made according to Anacker & Ordal (1959) except that the amount of agar was increased to 15 g 1-' to facilitate streaking. The sensitivity of the isolates to different chemotherapeutants was Dls. aquat. Org. tested using the disc diffusion technique (Neosensitabs, Rosco, Taastrup, Denmark) on MuellerHinton agar. The media used for the biochemical tests were manufactured by Difco Laboratories. Unless otherwise stated, tests were performed at 20°C. Serology: Slide agglutination tests were performed on all stra1.n~ (including the reference strain) using a diluted (1 : 10) rabbit serum containing antibodies against the 0-antigen from the Pseudornonas anguilliseptica strain 12-48. This strain was originally isolated from farmed rainbow trout Oncorhynchus mykiss in Finland.
Challenge tests: The pathogenicity of l isolate of Pseudornonas anguilliseptica (12-93, isolated from Baltic herring) was assessed by intraperitoneal injection (i.p.) of rainbow trout with 0.1 m1 of twice washed bacteria suspended in sterile 0.9 % NaC1. The strain used was passed twice through rainbow trout before the challenge. Four groups of fish weighing 38 to 50 g were injected with 8.0 X 101', 8.0 X 108, and 8.0 X 10" colony-forming units ml-' (CFU ml-') of strain 12-93, and with saline, respectively. Each group consisted of 9 or 10 fish. The fish were kept in plastic tanks with filtered, aerated, flow-through tap water (temperature 15°C) and fed a commercial pellet feed. Mortality was recorded for 2 wk after injection. Kidney and spleen samples from all fish, dead or surviving, were examined bacteriologically.
Results. Clinical signs: The major external sign of disease in affected herring was h.emorrha.ges in the eyes. The cornea was punctured in some of the fish. Other clinical signs included hemorrhages in the fins and on the head. Accumulation of blood-stained ascltes was seen in several of the fish examined.
Bacteriology: A total of 21 herring with eye lesions were examined for bacterial ~nfection in the eyes and/or the internal organs (Table 1) . Pure cultures of a slow-growing, non-pigmented bacterium occurred on the agar plates inoculated with tissues from 9 (43 '%) fish, i.e, from 33 ?h of the eyes, and from 30 'X, of the kidneys examined. No bacterial growth occurred from the liver or spleen of the examined fish.
The isolated bacteria were Gram negative, motile, cytochrome oxidase positive rods that showed a negative reaction in Leifson's modified O/F medium. The strains tested did not grow on Pseudomonas isolation agar. The biochemical reactions of the isolates from hernng and salmonids corresponded, with minor deviations, with those of the Pseudornonas anguilliseptica type strain tested (Table 2) except that the present isolates dld not liquefy gelatin nor did they hydrolyze Tween 80. Isolates from herring and salmonids were sensitive to cephalosporins but the type strain was resistant. All strains were agglutinated with rabbit antiserum to strain 12-48. On the basis of the results obtained, the strains isolated from herring were identified as Pseudornonas anguilliseptica.
Challenge tests: In the tests performed with strain 12-93 isolated from herring, 5 out of 9 rainbow trout injected with the highest dose of the bacterium died (Table 3) . Mortality occurred within 8 d of injection without any gross clinical signs. Pseudomonas anguillisepfica was reisolated from the kidney and spleen of 4 dead fish. A Pseudornonas sp. was isolated from the remaining dead fish. No mortality occurred in the 2 groups challenged with the lower doses of the bacterium. The injected bacteria were reisolated from l surviving fish in each of the 3 groups tested.
Discussion. The present results showed that the isolates from Baltic herring were identical to Pseudomonas anguilliseptica, which had caused serious disease outbreaks in farmed salmonid fish in Finland (Wiklund & Bylund 1990 ).
In recent years Pseudornonas anguilliseptica had frequently been isolated in our laboratory during disease outbreaks in rainbow trout farms. The mode of transmission of the pathogen from farm to farm is still unknown. As hernng frequently occur in the vicinity of the rainbow trout net pens on the Finnish coast, these fish might act as vectors for transfer of P anguilliseptica.
In the biochemical tests no differences between the isolates from salmon and herring were detected. All strains tested differed from the type strain regarding degradation of gelatin and Tween 80, and susceptibility to cephalosporins. When compared with strains previously isolated in Finland (Wiklund & Bylund 1990 ), our herring isolates differed only in the gelatinase test. However, according to Michel et al. (1992) gelatinase activity is easily lost and cannot be considered a reliable marker of Pseudornonas anguilliseptica.
The strain isolated from Ba.ltic herring was of low pathogenicity to rainbow trout in laboratory tests. The recovery of Pseudornonas anguilliseptica from rainbow trout surviving the challenge suggests, however, that the bacterium can establish a carrier state in these fish. Previous reports indicated that the pathogenicity of Carassius carassius, and goldfish Carassius auratus Muroga et al. (1975) reported that P anguilliseptica was low. Uno (1976) found none of the salmonids isolated from eels was highly pathogenic to Japanese tested to be sensitive to l? anguilliseptica. eel, ayu, loach Misgurnus anguillicaudatus, and blueAn eye disease among Baltic herring on the gill sunfish Lepomis macrochirus. On the other hand, southwest coast of Finland was first observed 15 yr ago the pathogenicity to carp Cyprinus carpio, crucian carp (Jarvinen 1983) , but the etiology of the disease was not Bacteriological samples were taken only from the blood and kidney of the iish but no bacteria were isolated (Bylund 1983) . In previous investigations of cod Gadus morhua with eye diseases, Bergman (1912) isolated Vibrio anguillarum-like bacteria. Aeromonas sp., Pseudomonas sp., Vibrio sp., flavobacteria, acid-fast bacteria (Dukes 1975) , and a Corynebacterium sp. (Baya et al. 1992) have also been isolated from fish suffering from exophthalmos. However, exophthalmos is a general disease sign associated with a number of bacterial infections.
The role of Pseudomonas anguilliseptica as the etiological agent of the eye lesions in the Baltic herring remains to be investigated. The fact that the pathogen was isolated from less than 50 % of the examined fish in the present investigation might indicate that the bacterium represented a secondary infection.
Today efforts are being initiated to increase the use of Baltic herring as feed for farmed salmonids in Finland. This might be a potential hazard for the exposed salmonids. Even if Pseudomonas anguilliseptica is not highly pathogenic to rainbow trout under laboratory conditions, stress factors could promote serious disease outbreaks in farmed salmonid populations that carry the pathogen. Previous outbreaks (Wiklund & Bylund 1990 ) support this suggestion.
